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Space Missions Model Overview PRICE.

= Cost estimating for Formulation through Implementation for
robotic Earth and Space Science Missions

= Methodology used in supporting NASA mission analyses for 25
years.
— 1989: initially developed to support NASA’s Discovery Program
— Applied to Mars Pathfinder and NEAR
— 1991: Major modification to incorporate PRICE H

— Used for NASA'’s first Discovery AO (Announcement of Opportunity) evaluation in
1994

— Periodic updates from 1994-2014

— Updated regularly with data from missions such as Lunar Atmosphere and Dust
Environment Explorer(LADEE), Mars Science Laboratory (MSL), Gravity Recovery
and Interior Laboratory (GRAIL), etc.
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Space Missions Overview PRICE.
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Space Missions Overview PRrRIC.
= Development Phases: Milestones: ATP - CDR~+SIR~ Ship

. . . Launch
— Design: these costs come directly from the Design 1&T | ops

TruePlanning ®Hardware model

1) Project
— Fabrication: these costs come directly from Management
the TruePlanning ® Hardware Model 2) Systems
Engineering - -
— Assembly Integration and Test: these costs are (w/Mission Space Missions
a function of the Design & Fabrication costs A)"a'ys's) estimated costs
3) Mission . :
— Launch Operations: these costs are a function  Assurance align with the
of Design and Fabrication costs 4) Science NASA WI_-D’S and
) /
Technology prOVIde
= Project Support Functions: E—— phasing details
— Project Management . (Wé de:a“S)bv
supsystem
— Mission Analysis 6)s Y .
. . pacecra
— System Engineering These (w/ details by
— Safety and Mission Assurance costs subsystem)
—Science/Technology — apply 7&9) MOS/GDS
Dev

— Mission Operation System (MOS) to all

— Assembly and Integration Support | phases (1‘2)/52/:;?:;&
— System Test Support Equip)
— Ground Support Equipment
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TruePlanning® Methodology PRICE

= TruePlanning® is a set of Parametric Models executed using an
Activity-Based Costing approach

= Parametric Modeling is:
— An Operations Research Discipline

— Relies on ...
* Mathematical models of real life situations
* The application of these models to new projects and technologies

— Relies heavily on historical data
* Data is reviewed and important cost drivers are identified
* Regression analysis is used to determine cost estimating relationships

* Results can then be refined with additional data and extrapolated to new projects,
technologies and processes
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What is the TruePlanning® Framework?
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Space Missions Estimating Environment PRICE

TruePlanning® 2014 SR1

TrueFindings™ TrueMapper™

New usability features
Interoperable Architecture

Map to familiar
CES / WBS and compare

Cost History Database
Easy Search & Retrieval
Statistical Analysis

N

Cost PRICE Models
Databases Hardware
Microcircuits TrueAnalyst
v

Software Create plug-n-play

IT & Networks models in an activity-
Syste ms based structure
Lifecycle

Space Missions
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ABC’s of PRICE Parametric Estimation PRICE

TruePlanning’® Is a parametric cost engineering solution which
estimates costs in support of activity-based costing

>

Cost Object Activities Resources

» What is produced The work that is done » Anything you spend
money on when

* Inputs describe what is » Each type of cost object erforming activities
being produced - WBS has different set of P 9
activities * Labor hours and

+ Contains activities .
- . material dollars
» Each activity contains
one or more assigned

resources

S I N I o= Program Costs

| Effort by Activity | | ResourceRates& | R by Activity &
~~"  &Resource | x I Activity Adjusters | = Resource

| | |
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Cost Objects — PBS Building Blocks PRICE.

= Cost Models are stored in

| [cost objects *
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Space Mission Cost Objects PRICE
= Space System

— Project Support Function Costs for Spacecraft

and/or Payload . Spacegystem .........................................................................................
= Space Subsystem Space Subsystem
) m Space Assembly
— Subsystem-level Integration & Test (1&T)
E Space Component
Spacecraft or Instrument subsystem sup
. E Space lon Thruster
to System I&T and Launch Operations tt
i ! Space Laser
On-Orbit Check-Out _ _
Space Radar Altimeter
- Space Assembly H Space Thermal Protection
] Space Parachute
— Roll-up of Subsystem-level Design and
Fabrication

Space Component

— Design and Fabrication via True Hardware
Calculation

Custom Components

— Custom CER implementations
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PRICE

Space Component Cost Object

rl— Tables and Calculators _ §1
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_ H . Component T Miscellaneous RF Bectronics || v
Communications = | e
— Guidance, Navigation and || s —— '
1 Unit Mass 2.205
Control | [ Fiight 100 I
. Spares 1.00
- OptICS Protos 1.00
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-_ Number of Additional Production Units i
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Weight of Structure 0.712 |bs -
— Thermal Control
| [ Cancel
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Space Component Cost Object PRICE.

= Space Component Calculator inputs generate True H inputs for:
— Quantity
— Prototypes
— Spares
— Operating Specification (Platform)
— Weight of Structure
— Weight of Electronics
— Manufacturing Complexity of Structure

— Manufacturing Complexity for Electronics

— Percent New Structure
— Percent New Electronics

— Engineering Complexity
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Space Component Cost Object PRICE.

|8 7 Tables and Calculators _ iJ

Component Type
Value Unit
o Section Name Input Field

1 Start Dat —

an tate Subsystem Type Propulsion [
2 Subsystem Type Propulsion i . —
3 Component Type Primary Structure ype More wlm l; b4 .
4 @ Quartity Per Next Higher Level 1.00 s e Ui Primary Structure |:v‘
5 AddwonalUts ) Petiom Planctary (a)
6 @ Number of Addtional Production Uits 0.00 Parts Class 51 ] i

7 © it e e oo |Compemenmiews
« S N | vose 210 |

9 Total Number of Production Units Produced 0 Right 1.00

10 Total Number of Prototypes Produced 0.00 SDEI'ES 0.00

11 Technical Descripton | protes 0.00 '
12 Egquipment Type Mone Herit Stroct - - - . = M
13 Operating Specification 225 wLs ure "E!O!’ Modifications lv:

14 @ Weight of Structurs |k [ R R NG No |:V:

15 @ Weight of Bectrorics 0000 kg | [ Material Composite | v | i
16 | Volume 77.263 \

17  Manufacturing Complexity for Structure 8630 Quantity Per Next Higher Level 1.00 &l 1§
18 Percent of New Structure 95% Number of Additional Production Units 0.00 E :
19 Percent of Design Repeat for Structure Number of Additional Prototypes 0.00 r
20 Manufacturing Complexity for Blectronics mim &ecificdion 225
21 @ Percent of New Electronics /n = of Structure 12.130 k it Fl
22 Percent of Design Repeat for Blectronics pUt ” |
23 Engineering Complexity Va/ . . e
24  Labor Leaming Curve I Ues Ciuring Complexity for Structure 8630 [
25 Material Leaming Curve ¥ of New Structure 95.00 % L]
26 Manufacturing Process Index 0.000 eering Corrplatily 0.665
27 Technology Improvement Caortrol 1.0 BEdemal Integration for Structure 2.00
28 Technology CObsolescence Control 0.0 =
29 Year of Technology IE I
30 BExemal Integration Complexity for Structure 2.00 oK l [ Cancel
31 Bxemal Integration Complexity for Electronics 2.00
32 Hardware Software Integration Factor 0.50 |
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Space Missions in Use PRICE:

= Estimate for Dawn Mission at Launch

= The Dawn Mission’s goal is to investigate in detail two large
protoplanets — Ceres and Vesta to learn their condition and
history

= Estimate is based on technical and cost data collected from the
CADRE and through interviews with Subject Matter Experts
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Space Missions in Use PRICE.

Simple | Detailed

1563 Dawnatlounch i3 - Electric Propulsion
2 =l Spacecraft -
3 =-C3 WBS 6 Spacecraft Subsystem S§I = m
2 g = IP5 Assembly
9 Thermal .
20 Reaction Control System !!J IPS Strul:'-tu rE'.IrMIE'c
25 Electric Propulsion : . . . .
% 1PS Assembly [ﬂ Electric Propulsion Power Processing Unit
27 1PS St
s ﬂ Ion Thruster
»
= E Ion Prop - Lines/Valves/Fittings
Eil H
2 DCU
33 Harness/Cabling E KE Tank
34 - Guidance, Navigation, & C E
40 [ Communications | D I:IL'I
48 [ Command & Data Handlin : .
o7 S Power - E.:“ Harness/Cabling
72 = Payload (MASA WBS 5)
79 - WBS 6 Individual Payload Element Subtotal
80 Framing Camera
94 VIR
107 GRaND
108 = GRaND Assernbly
109 o BGO detector
110 o BGO R/O electronics
111 o CZT detector
112 n CZT R/O electronics
113 - B PMTs
114 B Scintillators
115 n Control Electronics
116 m Memory
17 B HVPS
118 - Misc PMAD
119 m Structure
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Space Missions in Use

@ PRICE TruePlanning r. -_-
& Fle Edt View Reports Tooks Window Help |87 Tables and Calculators
DE-Ho 3 &b & -

Component Type

 Smple | Detaied |
1553  Dawnatlaunch i3 Show Descriptions
2 = Spacecraft
3 =8 WES 6 Spacecraft Subsystem Subtot
4 [} Structures
9 2] Thermal
20 2] Reaction Control System
25 - Electric Propulsion
26 IPS Assembly
27 1PS Structure/Misc
2 Electric Propulsion Powe
29 Ton Thruster
30
31 Xe Tank
32 DCIY
EE} Harness/Cabling
34 =i Guidance, Navigation, & Centro
40 (2} Communications
43 =i Command & Data Handling
67 (2} Power
3 =l Payload (NASA WBS 5
79 5 [3  WBS6Individual Payload Element S
80 Framing Camera
94 VIR
107 GRaND
108 GRaND Assembly
109 - BGO detector
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m HVPS Weight of Structure £9.014 I|bs -
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N N . —
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R Materal Indey far Pradiictinn Mani dach ina none k4 I

I |l Calculate |Connected to: (local)’ as ‘TruePlanningAdmin'

Ready
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PRICE

Space Missions in Use: Custom CERs

Value |nits

—
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0.00

R EEEE——————————
G} PRICE TruePlanning 14.1 - [D: inch w134 |

@f| He Edt View Reports Tools Window Help

Hertage Structure Copy | ¥

0o = M N ok kA
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1 =-Ea Dawn at Launch v13 LS | .
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3 E-f3  WBSG Spacecraft Subsystem Subtotal .
. B e Advanced Technology Development
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% = 1PS Assembly ; |
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zg B e «| 11 BEdemal Integration Complexdty for Structure 2.00 ¢
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32 N plall] g
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48 E Command & Data Handling 12 14 Waght ﬂf EE-‘dI'OﬂICS 9-?[“] kg

67 E Power 13 2 -

B CE Plosd aASAWESS) « | 18 | Manufacturing Complexity for Structure 5210

=03 WBS5Individual Payload Element Subtotal 15

z = Fming Camera s | 16 Manufacturing Complexity for Electronics 11].312

= Framing Camera Assembly

FC Struct/mise
83 [ ) Ebox Housing
£ [ Ebox Processing Boards
85 [ ) Ebox Memory
86 [ ) Ebox ML
L1 [ Camera Structure
88 [ ) Camera Optics
8 [ ) cco
%0 [ Filter Wheel
a1 [ Radiator
02 [ Camera ML
93 [ ] Harness/Cabling
L B VIR
107 E GRaND
Ready I |[E2 Calculate |Connected to: llocal) as TruePlanningAdmin' T T 1z
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Space Missions in Use

EEEE

Cost: £350,536 548 100.00% Labor Requirement:
Project Cost: $350 536,548 Project Labor Requirement:
Costs : Dawn at Launch v13 - Total Design Fabrication Assembly Launch
[System Folder] Integration and Cperations
Cumency in USD (%) (as spent) Test
1 01. Project Management 28.299.785| 6,176,729 18,885,125 2712150 521,720
2 02a. Mission Analysis 4.912.504 2875336 1.022 582 643,059 367 526
3 02b. System Engineering 11,189,357 4,793,117 4,537,971 1,594,837 263432
4 03. Safety & Mission Assurance 524 Mass (kg) COST
) Design Fabrication AIT Launch Operations Total
5 04. Science/Technology ) Project Management 46,176,729 418,889,125 42,712,190 $521,720 $28,200,765
6 07. Mission Operation System 144 3" 02a Mission Analysis 42,879,336 $1,022,582 $643,059 $367,526 $4,912,504
7 10a. Assembly and Integration Sup... : 02b System Engineering $4,793,117 $4,537,971 $1,594,837 $263,432 $11,189,357
8 1. S Test 03 Saftey and Mission Assurance 45,256,690 45,968,015 34,670,624 $869,403 $16,764,732
= SEEIE 07 Science/Technology $606,507 $1,937,752 $2,950,772 $584,412 $6,079,443
9 10c. Ground Support 3.20 10a Assembly and Integration Support 41,313,551 45,020,577 46,904,756 $1,240,213 $14,479,007
10 Assembler 15.595_185 1,81 10b System Test $1,830,120 52,040,194 51,178,964 5174,677 45,223,956
10c Ground § rt ,507,513 6,137,144 14,301,032 78,238 26,323,927
11 Assembly Integration and Test 44,224,506 Caround suppo - A 3 S 58 s
And the rest of the Space System Resources similarly mapped $3,224,334 $3,714,245 $1,810,683 $271,291 49,020,553
12 Design Engineering 53.228.453 5.4
13 Fabricator 8.884.251
14 Launch Operation 7.161.229 05 Payload (Space System CO) 75.78 $22,391,180 435,864,479 $20,067,930 $3,222,012 81545600.6
: — Framing Camera 22.68[$26,869,416.20 $43,037,374.46  $24,081,515.91 $3,866,414.14 97854720.7
15 Manufacturing Engineering 20.535.168 FC Struct/Misc 1.330%12,283,579.92  $13,247447.62  $5,596,313.68 5980,273.28 32107614.5
16 Material 24 836,224 527 Ebox Housing 1.16[$2,919,207.37  $3,165,517.16 6084724.53
17 Non-Recuming Cost 3,876,541 38 Ebox Processing Boards 0.2
18 Recuming Cost 2.478 552
19 Support Engineering 43,698,639 29,7 VIR 25.8f $10,236,317 $11,039,540 $4,663,595 $816,894 26756345.4
20| System Engineering 4349083 4% Optics Module Struc 12.08f 52,432,673 $2,637,931 5070603.78]
e y Cryocoaler 0.5 $184,994 431,735 216728.216
21 Test Engineerina 17.656.271 24! IR Detecter 0.75
06 Spacecraft (Space System CO) 645.98400$21,271,621.16  $34,071,254.78  $19,064,533.43 $3,060,911.19 77468320.6
Structure 132.7)0$9,724,500.77  $10,487,562.70  $4,430,415.00 $776,049.68 25418528.1
Primary Structure 72.350%2,311,039.17  $2,506,034.42 4817073.59
Secondary Structure 45,75 $175,743.94 $30,147.87 205891.806
Balance Weight 14.1
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Space Missions Model in Action PRICE.

= PRICE consultants are currently using these models to perform estimates validating
several space missions against actuals

— Validating Space Mission Models vs actuals for 16 different programs

— Modeled to Level Il Breakdown, matching At-Launch Spacecraft and Payload
configurations and weights

— Calculator input values derived from Cost Analysis Data Requirement (CADRE)
Part-B data

— Outputs mapped to NASA WBS categories in alignment with CADRE Part C data

— Error-bands determined for total, spacecraft, payload and payload instrument
costs

— Burdening and escalation normalized across programs
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Conclusions

= The Spacecraft Missions models combine the power of the
TruePlanning® framework with a time-tested space specific
application of the PRICE Hardware estimating methodology

= One-stop shopping for estimating entire missions including
spacecraft and payload

= Models validated by their original creators and long-time users
as well as by the PRICE team
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Questions & Answers PIRICE

To submit a question, please use the “Questions”
feature located in your control panel, which you can

access by clicking on the orange arrow on the right hand
side of your screen.
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Upcoming Events PRICE.

12 Aug 2014, Herdon, VA | Industry Event
NASA Cost Symposium

17 Sep 2014 | Industry Event
ICEAA SoCal and San Diego Chapters - Workshop

More details at pricesystems.com/events
View on-demand webinars at pricesystems.com/webinars
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Wrap-up: More Information PRICE.

Arlene Minkiewicz
Chief Scientist, PRICE Systems LLC
Arlene.minkiewicz@pricesystems.com

Learn more about TruePlanning® 2014

pricesystems.com/en-us/offerings/trueplanningframework.aspx
Call 1-800-43-PRICE or email: robert.becker@pricesystems.com

Request more information

pricesystems.com/en-us/requestinfo.aspx
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PRICE

Thank You!
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Introduction - TruePlanning’ PRICE

- TruePlanning® (TP) is an activity-based Resource Consumption
Accounting (RCA) and Cost Analysis Tool

- TruePlanning” Estimation Framework consists of:

— TrueAnalyst® is the application used by PRICE personnel to construct
reusable activity-based RCA cost estimating models

— TruePlanner?® is the application which integrates the TP cost models with
schedule and financial information through a robust software architecture
and implementation called the TP Framework

— SQL Database contains cost models and saved projects

TruePlanning”® is an integrated set of cause and effect models. It identifies
the primary cost drivers through statistical relationships and applies cost
effects through the use of mathematically sound algorithms.
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Activity-Based Costing Definition PRICE

A special costing model that identifies activities in an organization and assigns
the cost of each activity with resources to all products and services according
to the actual consumption by each

A method that measures the cost and performance of process-related
activities and cost objects

Assigns cost activities based on their use of resources, and assigns cost-to-
cost objects, such as products or customers, based on their use of activities

Recognizes the causal relationship of cost drivers to activities

Measures the cost and performance of process-related activities and cost
objects

Source: The CAM-I Glossary of Activity-Based Management, 1990
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Estimating Approach Comparison

Traditional Approach TruePlanning® Approach

Avg Annaul
Class IX Horse
MDSNAME Cost Power Weight
STRYKER $4,191.54 350 16.47
PALADIN $6,559.67 450 27.5
ABRAMS $28,417.17 1500 68.7
BRADLEY $6,955.52 600 27.6
FAASV $3,342.55 420 26.1

25000
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EZ-Quant [Ver. 1.0.2) |

CER: System to Class IX
Parts Total Cost

PRICE

Control
Surface Thermal

LINEAR URVES POWERRURVES
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" Y =AX
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b (8 >1,A> O)

™ (B < 1,A>0)

X
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Framework Orientation PIRICE:

Cost Research Content Hosted In An Analysis Framework

T PRICE TrPlanning 140
-} O lnput 5...| 0 - =] -4 B 'S
Schedule Lengths
Personnel Number of
Skill Level Ieations Internal/External
Schedule Interfaces
Constraints Timing /
Tools Reengineering/Reuse Memo.ry
Constraints
Reacy ot tocl) s ToaParaaghmin ol 4 Sche(l-ju|e Technology
OYENnps Spec Level Core Maturity
Relationship
Systems
& O & s by & g
Assembly Folder Other Cost  Purchased  Purchased System Total
Good Service Owners... Completed
Army OSMIS Catalog Effort

USArmy  US Army
Aviation Data  Wheeled ...

Army Vehicle Data

& O = =

Combat Engine Data Tactical Wheeled
Vehicle D... Record Vehicle D...  Combat V...

Inflation Profit

Overtime

Cost of Money

COCOMO Family

Overhead Labor Rates

Fuel Cells
Hardware Phase/Function Allocations
i\r‘i - —
Hardware Hardware
Component coTs
IT Infrastructure
Software
Firt
s58
SOA Software Software
Governance  Component coTs
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Hierarchical PBS and Integrated Models PRICE

= The PBS/WBS is a hierarchical
method of representing a program

. 1 =03 T Project 2012-010-A
with component models B e seem
. 3 =@ Assembly
= How the PBS Structure is modeled 4 T T —
determines how cost, effort, 5 =03 Networking
schedule and risk are reported g S NS
7 = Access Points
= Models can be dragged into the PBS i B o G
and renamed to be more useful or 0 @  Blade Servers
appropriate 11 @  RackServers
12 i Tower Servers
= Objects have a Parent/Child 13 &' Purchased Service
I t h 14 l2o Rack Enclosures & Peripherals
relations Ip 15 =08 Workstations
16 2 Mobile Laptops
17 = Desktops
18 3] Training
19 B Call Center
20 2] Facility
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